Summary: Dry forests are under much higher pressure from deforestation than humid forests, yet less attention has been paid to these forests. To develop better management strategies, it is necessary to analyse the dynamics of these forests at different scales and to assess their potential to recover from natural or human disturbances. This study combines broad and fine scales to investigate temporal changes: at broad scale we use aerial photos (from 1949, 1962, and 1999) and GIS to document land-cover change during a long-term period of 50 years; at fine scale we use spatial gradient analyses to document changes in species composition during a short-term period of four years. Re-sampling of the same elevational gradient (100-460 m a.s.l.) provides both a spatial and temporal gradient. Plausible causal links between human impact and documented changes are evaluated by means of ordination and Monte Carlo permutation tests. Density and diversity of seedlings, juveniles, shrubs, and trees were investigated in permanent plots from 2003 to 2007 along an elevational gradient. Approximately 17% of the forest has been lost during the last 50 years; giving an annual forest decline of 0.33%. The forest degradation during the 50 years in northern Peru was mainly due to agricultural expansion. During 1949-1962 forest declined by only 1.7%, while a greater forest decline took place during 1962-1999 (15% decline). Reasons for the greater forest loss during 1962-1999 are discussed. A new agrarian land reform from 1969 and population increases are likely reasons. The gradient analyses show a clear increase in species richness and spatial turnover in species composition along the elevational gradient. The ordination analysis reveals a significant change in species composition from 2001 to 2005, and we hypothesise that this may relate to browsing and logging activities. Although the number of faeces and signs of logging did not have a significant correlation with the ordination axes, the Monte Carlo permutation test in redundancy analysis (RDA) reveals a significant effect of browsing on species composition. The changes in species richness and species composition with elevation may be due to climatic differences between the lowland and upland mountain study area, rather than different intensity of human land use. Browsing and logging activities take place quite evenly over the entire study area, rather than being restricted to a certain area. Re-sampling of the permanent plots reveals that the lowland species Prosopis pallida was the only species able to survive from seedling stage to juvenile stage during the four-year investigation period. About 30% of the Prosopis pallida seedlings developed into juveniles, which indicates that this species may be better adapted to drought than other species in this environment.
Introduction
Nearly half of the tropical and subtropical forests worldwide are dry forests (Murphy and lugo 1986) . Dry forests and savannas occupy a fifth of the Earth's land surface and support a large proportion of the world's human population and most of its rangeland, livestock, and wild herbivore biomass (scholes and archer 1997). While there has been a strong global focus on the threats to evergreen rain forests due to their overwhelming biodiversity, tropical dry forests and savannas are also diminishing (Janzen 1988; Miles et al. 2006) , and this may be an even bigger problem since millions of people are dependent on these ecosystems for their livelihood (behnke et al. 1993; sankran et al. 2005; Furley et al. 2006) . Consequently, dry forests are under higher pressure from deforestation than humid forests and their size has been considerably reduced (FAO 2001) . Although tropical dry forest is now considered to be the most endangered ecosystem in the lowland tropics (Janzen 1988; gillespie et al. 2000 ; linares-paloMino and ponce alvarez 2005), very few studies have analysed deforestation and forest fragmentation in these ecosystems (gillespie et al. 2000; penningTon et al. 2006) . Peru has the second largest area of tropical forest in Latin America (FAO 2005) . There are 3230 million hectares of dry forest in northern Peru (Tumbes, Piura, and Lambayeque), with 67% in Piura (cabreJos vásquez et al. 2006) . The dry forests of Piura Province have a high density and richness of tree species (linares-paloMino and ponce alvarez 2005), but it is also claimed that this area is being rapidly destroyed by deforestation and fragmentation (e.g. coTler and Maass 1999).
Studies that aim to analyse land-cover changes and to understand the dynamics of dry forests are often conducted over a few years, i.e. less than three years (haMann 1985; soTo 1985; dillon and rundel 1990; arMesTo et al. 1993; Ferreyra 1993; guTiérrez et al. 1993; . More recently, long-term investigations have been carried out by applying one scale and one method (e.g. condiT et al. 1996; block and richTer 2000; haMann 2001; richTer 2005; richTer and ise 2005) . However, if one aims to understand the dynamics of dry tropical forests, multi-scale analyses are needed (nilsson and grelsson 1995) . This is because the spatial and temporal variations in precipitation are very high when the annual precipitation is low (noy-Meir 1973) , and water is the dominant controlling factor for biological processes in general and dry ecosystems in particular (o'brien 2006; veTaas 2006) . This is further complicated by the climatic El Niño Southern Oscillation (ENSO) phenomenon that causes severe amounts of precipitation at uneven intervals in north-western South America (bendix et al. 2011) . Therefore comparable long-term studies at different scales are essential to test fundamental questions about ecosystem stability in climate extremes (holMgren et al. 2006a (holMgren et al. , 2006b zeMMrich 2007) . Ecosystems that appear unstable at fine spatial scales may be stable when viewed at broader spatial scales (veTaas 1993; zeMMrich 2007) . Also, relationships which are obvious at broad scales, for example between climate and vegetation, may disappear at finer scales, overridden by the effects of competition and other biological factors (Wiens 1989) . Studies conducted on several scales will give a better resolution of domains, of patterns and their determinants, and of the interrelationships between scales (Wiens 1989; Farina 2006) . This type of multi-scale approach is necessary to understand the dynamics of these forests, including how dry forests respond to irregular precipitation patterns (WelTzin and Tissue 2003; schulz et al. 2011) , and the potential to recover from natural or human disturbances or stress (Wiegand and JelTsch 2000; WelTzin and Tissue 2003; chesson et al. 2004; schWinning et al. 2004) . This is also a prerequisite if one wishes to develop better management strategies for dry forests in Peru that are, at present, very little studied (linarespaloMino and ponce alvarez 2005).
This study investigates changes in semi-arid forests using three approaches at two levels of investigation: at a broad scale we investigate landcover changes using aerial photos and GIS, and at fine scales we investigate (a) species composition along an elevational gradient from a small forested mountain that was sampled twice (2001 and 2005) , and (b) change in individual perennials and regeneration of seedlings by monitoring permanent plots on the same small forested mountain from 2003 to 2007. The broad-scale study covers a period of 50 years, while the fine-scale studies cover a fouryear period. Since human use of dry forests may also contribute to disturbance in these areas, the influence of humans is included and discussed. We developed four objectives for this study: 1. To document land-cover changes at a broad scale during a period of 50 years, based on the interpretation of aerial photos. 2. To test if there are fine-scale changes in woody species composition in a four-year period based on repeated spatial gradient analyses (2001 and 2005) . 3. To monitor regeneration of important shrubs and trees on a fine-scale using permanent plots (2003 to 2007) . 4. To discuss plausible causal links between human impact and land-cover changes found at a broad scale and species composition and regeneration on finer scales.
Study area
Field work was carried out in Piura Province in  northern Peru (05  o 08´S, 80 o 09´W, Fig. 1 ). The study area consists of a flat lowland area with forest and agriculture intermixed, and a small forested moun- tain ranging from 110 to 469 m a.s.l. (Fig. 1) . Soil horizons are characterised as AC with soil types of Arenosols and Regosols, and the texture is sandy to clay with medium-sized particles of gravel (INRENA 1998) . Average annual precipitation, excluding ENSO years, is 266 mm 1) in Chulucanas and the area is classified as semi-arid forest (noy-Meir 1973; shMida 1985) . The precipitation period in northern Peru is usually from November/December to April/May, with a dry period from April/May to November/ December. During ENSO years the increase in precipitation may be severe: precipitation during the ENSO years of 1983 and 1998 was 15.5 and 13 times higher, respectively, than annual average precipitation in the semi-arid environment. During the ENSO event of 1982/83, rainfall in Chulucanas often approached or exceeded 100 mm per day (goldberg et al. 1987) . Also, years with no precipitation occur in northern Peru, which is a common feature in dry environments (noy-Meir 1973; veTaas 1993) . Temperatures in lowland Piura are stable throughout the year, and the average temperature ranges between 29.5 °C (July) and 33.4 °C (February).
The landscape of the study region is a mixture of different types of dry ecosystems and cultivated fields (INRENA 1998) . The dominant forest type is dry open forest and shrub-land in a tropical environment (INRENA 1998) . Drought-adapted species like Prosopis pallida (algarrobo) dominate. Other tree species such as Capparis angulata (sapote), Bursera graveolens (palo santo), Loxopterigium huasango (hualtaco), Caesalpinea paipai (charán) and Capparis ovalifolia (vichayo) are also present (cabreJos vásquez et al. 2006; ekTvedT 2011) . Trees in the study area are scattered and adapted to a dry climate, as is typical for semiarid forests in general (noy-Meir 1973; INRENA 1998) . The semi-arid land is used for agriculture as well as for grazing and browsing activities. The area is impacted by humans, as households are positioned in and close to the study site, with some land areas used for cultivation, while others are used as browsing areas. The forested mountain site is used for browsing, selective logging, and fuel wood collection (ekTvedT 2011 
Methods

Aerial photo interpretation
Aerial photos and GIS were used for the broadscale analysis. Aerial photos from 1949 (1:20,000), 1962 (1:60,000), and 1999 (1:30,000) covering an area of 25.3 km 2 were rectified and land cover as well as land-use units were identified based on field studies and aerial photo-interpretation. The scales and resolution of the aerial photos allowed us to identify individual trees, making it feasible to distinguish between forested and non-forested areas. The semi-arid forests in our study area are classified as 'open forest' by INRENA (1998) . 'Open forest' is defined by FAO (2006) as having a canopy cover of between 10% and 30% on a minimum land area of 0.05-1.0 hectares. We defined forest as a minimum land area of 1.0 hectare with tree crown cover of more than 20%. To distinguish the small mountain area from the lowland area, contour lines were drawn on the aerial photos from 100 m a.s.l. to 400 m a.s.l. Cultivated land was seen on the aerial photos as clearly defined borders with land areas used for cultivation of crops (maize, rice, yucca, etc.) . Plantation refers to fields with planted trees (lemon, mango, etc.). They were recognised on aerial photos as patches with trees in rows. River denotes areas where moving water was present. Flood plain refers to areas with scarce vegetation cover due to erosion. Roads represent routes for travel or transportation. The roads had sandy soils, with the exception of one main road which had permanent pavement (not in 1949) and was used for motorised traffic. The sandy roads were usually path sized and suitable only for walking. Some, at ca. 2 metres wide, were wide enough for donkeys pulling carts. No distinction has been made between narrow and wide roads in the aerial photo classification. Land areas have been identified as 'fragmented' if a 'road' is visible on the aerial photos and if it divides a formerly continuous patch. Void refers to areas which appear as shadows, and such areas are only found on the 1949 photo.
Ordination analysis of elevational transect
Vegetation analyses were carried out in 2001 along an elevational gradient on a small forested mountain (Fig. 1) , and in 2005 we conducted surveys in the same locations following the same sampling protocol. The surveys were carried out from 29 September to 11 October 2001, and from 3 to 10 July, 2005. We sampled 53 quadrats (5 × 5 metres) along the elevation gradient from 110 m a.s.l. to 460 m a.s.l. The size of quadrats is within the grain size 2) suggested for capturing forests using multivariate techniques based on the concept of minimal area and species-area curves (halvorsen Økland 2002; kenT and coker 1992). We used stratified random sampling along a fixed transect (Fig. 2) . The transect consists of 11 rectangles of 30 by 100 metres, where each of the 11 rectangles were divided into 12 smaller sub-rectangles. Five of the twelve sub-rectangles were randomly selected and a 25 square metre quadrat was located in the middle of the sub-rectangle (Fig. 2) . We used measuring tapes and a compass to map the quadrats. Each of the eleven rectangles was marked to ensure accurate re-sampling. We identified all species and estimated species abundance for all woody species in each quadrat following the extended version of Hult-Sernader's abundance scale (Trass and MalMer 1973; Tab. 1) .
If species identification was not possible in the field, species samples were brought to botanists at two universities in Piura city (Universidad Nacional de Piura and Universidad de Piura) or the Museo de Historia Natural in Lima, Peru. Due to annual fluctuations in herbaceous plants and seasonality, only perennial plants that were registered in both 2001 and 2005 were included in the ordination to investigate change through time (Appendix 1). During the survey we noticed that a few trees and shrubs that were registered in the 2005 analysis, were absent in the 2001 analysis. Due to the species' size and the short period between the surveys, we interpreted this to be a small degree of inaccuracy in our surveying, and those results were therefore removed from the ordination analysis. ross et al. (2010) demonstrate that even though the original plot cannot be exactly 2) 'Grain' is the size of the individual units of observation, the plot size or the sample units (Wiens 1989; WhiTTaker et al. 2001). relocated within the vegetation stand, it is possible to detect reliable changes in species composition.
In each quadrat we measured elevation with an altimeter. Settlements are found in the lowland study area, and we assumed that if humans have influence on land-cover composition, a larger influence would probably take place in the lowlands compared to the uplands of the study area. We counted the number of faeces from sheep, goats, donkeys, and cows, and noted whether cuttings of shrubs and/or trees had taken place in the quadrat to indicate the degree of browsing pressure and direct human impact, respectively.
The strength and statistical significance of species-environment relationships were analysed using the program CANOCO 4.5 (Ter braak 1987). Both data sets (2001 and 2005) were preliminarily analysed by detrended correspondence analysis (default settings) (DCA) (hill and gauch 1980) to determine the length of the gradient, to test the homogeneity of the data, and to decide on which ordination analysis to apply. The length of gradient determined by DCA was > 2SD-units for the first axis, so we opted for the unimodal ordination technique, correspondence analysis (CA) with a biplot scaling (default settings), to provide an optimal weighted average approximation for biplot interpretation of species-environ- In addition we included species richness as total number of species (including herbs). The environmental variables were correlated with the CA axes. In addition, we performed a canonical correspondence analysis (CCA) to investigate changes in species related to time (2001 and 2005) and tested the significance of elevation, human impact, and faeces using a Monte Carlo permutation test with 999 permutations. CCA emphasises qualitative differences, thus we also did a Monte Carlo permutation test in redundancy analyses (RDA on a covariance matrix) that emphasise differences in abundance. The distribution of quadrats or species in the CA diagram indicates the degree of similarity between them: quadrats or species that are positioned close to each other in the diagram (see results section; Figs. 4 and 5) have a higher degree of similarity compared to quadrats or species positioned further apart.
Regeneration of important shrubs and trees using permanent plots along an elevational gradient
Permanent plots were used to investigate sprouting, growth, and survival of seedlings, juveniles, shrubs, and trees from 2003 to 2007. Six permanent plots of 25 m 2 each were positioned along a mountain slope to cover an elevational gradient (Fig. 1) . Plant abundance was estimated by the same procedure as for the transects (Tab. 1). The shrub and tree canopy circumference and the position of the stump were drawn on a map, and all the species' heights were noted. Seedlings were defined as small plants with embryonic roots, embryonic shoots, and cotyledons (seed leaves). Juveniles were defined as perennial plants lower than 0.5 metres. Shrubs were defined as perennial plants lower than 2 metres, while trees were defined as perennial plants above 2 metres in height. We defined the division between shrubs and trees at the height of 2 metres, because this has been used in comparable studies in arid and semi-arid environments where trees are generally low (Murphy and lugo 1986; INRENA 1998; ekTvedT 2003; harper et al. 2007 The surveys were carried out in different seasons to contribute to the understanding of seasonal pulsation in the dry forest. The permanent plots are few, but detailed canopy cover estimates at a species level were done. Conclusions may not be drawn on the basis on these permanent plots, although trends may be implicated.
Results
Aerial photo interpretation
Interpretation of aerial photos from 1949, 1962, and 1999 (Fig. 3) indicates four main changes: (1) The total size of forest decreased by 16.6 % (359 ha) from 1949 to 1999, giving an annual decrease of 0.33%. From 1949 to 1962 total forest size showed a small decline, only 1.7% (37.2 ha), while forest size showed a proportionally larger decline of 14.9% during 1962 to 1999 (321.5 ha) (expected decline for the period given the previous rate of loss would have been 5.1%). (2) The total area of cultivated land increased by 321 ha. (3) The number of patches increased during the period of investigation: forest patches and cultivated patches increased almost threefold during the total period from 1949 to 1999. The largest increase in number of patches was from 1949 -1962 . Also plantation patches increased during the investigation period, with the largest increase in number of patches from 1949 to 1962 (Tab. 2). (4) The coverage of roads increased during the period, and both contributed to a fragmentation of land areas and eased access to them (Fig. 3) .
To understand whether fragmentation has taken place, we investigated the number of kilometres of edges of forest patches from 1949 to 1999. In 
Percentage cover
Abundance scale 76-100% cover 7 51-75% cover 6 26-50% cover 5 12.6 -25% cover 4 6.26-12.5% cover 3 < 6.25% cover 2 Single, young individual 1 1949 the total perimeter of all forest patches was 121 km, while in 1962 the number had increased to 209 km. In 1999 the total perimeter of all forest patches was 242 km. The forest edges doubled during the 50-year period. Figure 3 shows the fragmentation of land cover areas, the decline of forest areas, and the increase in cultivated areas. At the bottom of the right-hand corner of the aerial photo from 1949 we see a larger patch classified as cultivated land. In 1962 the same patch is classified as forest (Fig. 3) . This classification was made because we distinguished tiny stripes in a regular pattern in the patch from 1949, which could be interpreted as access paths for cultivation. In addition, no tree crowns were seen in this patch in the 1949 photo. However, tree crowns were clearly observed in an irregular pattern on the 1962 photo, and we interpreted this to be a forest pattern. In the photo from 1999 we see that the same patch developed into a mixture of both cultivated land and forest (Fig. 3 ).
Ordination results
The ordination analyses revealed both a spatial elevational gradient and a temporal gradient. Change in species composition along the spatial elevational gradient (lowland-upland) is represented by the first CA-axis (Fig. 4 and Fig. 5 ). Species richness increases with increasing elevation (Fig. 6 ) and shows a significant correlation (0.36) to the first CA-axis (Fig. 5) . The second axis represents the temporal gradient (2001) (2002) (2003) (2004) (2005) . The CA analysis shows that the floristic composition of some quadrats changed only slightly from 2001 to 2005, whereas other quadrats experienced larger changes in species composition (Fig. 4) . This spatio-temporal configuration is confirmed by correlations, where both elevation has a significant correlation with the first axis (0.59) and time has a weak correlation with the second axis (0.18) and a stronger correlation with the third axis (0.32) (Tab. 3). A Monte Carlo permutation test (999 permutations) in canonical correspondence analysis (CCA) revealed that temporal changes (time) as well as the spatial component elevation (m a.s.l.) were significant. The same test showed that logging (human impact) and browsing (represented by number of faeces) were not significantly correlated to any of the CCA-axes (Tab. 4). However, redundancy analysis (RDA), which emphasises changes in species abundance more than qualitative changes of species composition, indicated that browsing ( faeces) was a significant factor (Tab. 4). Loxopterygium huasango (tree) (Laxo hut), seem to be outliers. They both had low frequency and the interpretation of their changes is not certain. Prosopis pallida dominates in the lowlands (Fig. 5 ).
Results of regeneration in permanent plots analyses
The canopy cover of shrubs and trees de- (Fig.  7) . All seedlings developed outside the canopy (Fig. 8) .
Discussion
The aerial photo interpretation revealed longterm land-cover change and showed that the forest decreased by ~17% over the last 50 years, giving an annual decline of 0.33%. The decrease in forest was probably caused by an increase in cultivated land. The number of patches increased most in the categories of forest and cultivation, indicating that these areas have decreased in plot size. The ordination analysis showed a change in species composition during the four-year investigation. The permanent plots were few but detailed, and indicated that Prosopis pallida was the only species that was able to survive from seedling to juvenile, whereas seedlings of all other species died during the four years of investigation.
Long-term land-cover change
This study is one of few studies with regard to land-cover change in dry tropical hardwood forest in northern Peru covering 50 years. This research has shown that dry forests in northern Peru are being transformed to agricultural land and that the average forest decline is 0.33% per year. Increased agricultural activities have been found to be one of the primary factors in deforestation and fragmentation in 96% of 152 tropical forests investigated, followed by wood extraction and infrastructure expansion (geisT and laMbin 2002). Demographic, economic, technological, cultural, policy, and institutional factors are also considered to be underpinning causes of deforestation (e.g. It is challenging to compare deforestation rates between studies because different classification systems, different frequencies, and assessment methods are often used when monitoring forests. Different forest definitions are used for different purposes and this makes global and continental forest estimates diverse (e.g. allen and barnes 1985). However, the FAO, in collaboration with countries and key partner organisations is currently undertaking a remote-sensing survey of forests, sampling about 13,500 sites over a period of 15 years and this will provide more accurate data on global and regional rates of deforestation by the end of 2011 (FAO 2010) .
We found that during 1949-1962 forest loss was 'only' 1.7%, while during 1962-1999 forest loss was nearly three times greater (15% in total). Several possible factors can explain the increased forest loss seen on the aerial photos after 1962. One possible explanation is the agrarian land reform that took place in 1969. Before this reform, Peruvian land ownership structure was uneven: a small group of landowners (< 2%) owned more than 80% of the arable coastal land (hudson 1992). The land reform restructured this uneven division of land, and transferred ownership to the employees and workers (hudson 1992) . This resulted in an increase in the number of landowners and more fragmented land. Another possible explanation for increased forest loss during 1962-1999 may be due to population increase and thus a need to convert forest areas to agricultural land. In 1940 Piura district was the sixth most populated district in the country with 432,044 inhabitants (INEI 2003) . In 1993 Piura had become the second most populated district, next to Lima, and in 2003 the total population size in Piura was 1,660,952 (INEI 2003) .
A third possible explanation can be a change in poverty levels for the locals (and therefore greater dependence on forest resources for survival, or converting forest areas to agricultural land). The degree of poverty is measured by The Peruvian National Statistical Institute (INEI, www.inei.gob.pe) using two alternative measurements besides household income: the Unsatisfied Basic Needs ( However, if it is correct that poverty has decreased in Piura in recent times, it exemplifies that the land reform, and the subsequent transformation of forest to agriculture land has had a delayed but positive impact on human welfare in the study area.
This change has also resulted in more fragmentation during the last 50 years. The effect of fragmentation on forest dynamics is that species composition may be modified and single species may be threatened, as found in other tropical forests where human interaction took place (e.g. guariguaTa and dupuy 1997; echeverría et al. 2007), depending on the size of the patch, its species composition, and its degree of isolation. If the distances between similar plots are small, spreading of plants from one plot to the next can still take place (Farina 2006) . Prosopis pallida was the dominant species in the lowland area, and can easily spread even if a 'road' divides a forest area, and may not suffer from fragmentation caused by 'roads' as defined in this study. However, other species may suffer from this kind of fragmentation, but a negative relationship between species richness and fragmentation in tropical forests used by humans is not always supported (Faude et al. 2010 ).
Short-term vegetation change
The ordination analysis indicates a clear spatial elevational gradient in both species composition and species richness (Fig. 5 and 6 ). The latter increases with elevation, which has been demonstrated in many studies, and it has been correlated to change in climate along the elevational gradient (baruch 2005; bhaTTarai and veTaas 2003). The average temperature decreases by 6.49 °C/1000 m based on the Environmental Lapse Rate (ELR) which is the international standard value set by the International Civil Aviation Organization (ICAO) (ICAO, 2002) . The difference in elevation at our study site is 350 metres, indicating a temperature difference of 2.3 °C between the lowland and upland of the forested moun- tain. This may create a higher degree of moisture at higher elevations compared to the lowland area due to reduced evapotranspiration resulting in a higher number of species than would be expected (o'brien 2006) . This has been documented for similar forests in South America (baruch 2005).
As mentioned in the method section, a small inaccuracy in our surveying while sampling could occasionally have occurred, since we registered some perennial plants in 2005 that were absent in the 2001 analysis. However, ross et al. (2010) addressed whether relocation uncertainty can affect the validity of the results by re-measuring a 50-yearold study, where original geographical coordinates were relocated to the nearest 100 m x 100 m and plot size was 4 m 2 . The authors concluded that even though the original plots cannot be exactly relocated within the vegetation stand, reliable changes in species composition are still possible to detect (ross et al. 2010) . In several other studies considering revisiting plots, only some selected plots have been re-measured (ross et al. 2010) . In this study all the plots were re-measured, minimizing the risk of random noise (ross et al. 2010) .
The long-term investigation (50 years) found increased agricultural and decreased forest cover that may have influenced species composition in the area as demonstrated in other tropical forests (e.g. echeverría et al. 2007 ). The ordination analysis indicates a weak, but significant change in species composition with time. However, the ordination analysis did not reveal a significant relationship between species composition and human impact or faeces, but a Monte Carlo permutation test in RDA (emphasis on difference in abundance) revealed a significant effect of faeces on species composition. Several studies have shown that human interaction can change species diversity and abundance in tropical dry forest environments (veTaas 1993; gillespie et al. 2000; richTer and ise 2005; gWali et al. 2009 ). Human impact and browsing are challenging to measure, especially on a small species matrix. The method used in this investigation may not be able to capture human impact satisfactorily, probably because consumption of forest resources and browsing takes place quite evenly over the entire study area, rather than being restricted to a certain area. It is easier to demonstrate the effect of human impact when plots with easy human access have less species diversity and abundance than plots with difficult human access (gWali et al. 2009 ), indicating that most of the species need higher precipitation rates to survive from seedling to juvenile stages, which has been demonstrated along the coastal desert of northern Chile (schulz et al. 2011) . Bursera graveolens, Acacia macracantha, Caesakoaunia paipai, and Cordia lutea had a high death rate of seedlings during the survey period, which is common in arid and semi-arid forests (hall et al. 1964; gerhardT 1996) 
Conclusions
This study is one of few studies on semi-arid forests in northern Peru and has documented forest loss over the last 50 years. From 1949 to 1999, the size of forest declined by ~17%, corresponding to an average forest decline of 0.33% annually. The forest degradation during the 50 years in northern Peru was mainly due to agricultural expansion, as also seen in many other studies. Forest declined about 1.7% during 1949-1962, while a greater forest decline of 15% was seen during 1962-1999. A new agrarian land reform in 1969 and population increases are likely reasons for the transformation of forest to agriculture land and an increase in number of patches in the period from 1962-1999, which may be the underpinning reason for a reduced poverty level in the area. On a finer scale of resolution we found a significant difference in species composition between the two years (2001 and 2005) of sampling, and we hypothesise that this may relate to browsing, but the statistical tests were not equivocal. The change in species richness and species composition with elevation may be due to climatic differences between the lowland and upland mountain study area, rather than the different intensity of human land use. The seedling monitoring in the permanent plots (2003 to 2007) revealed that about 30% of the Prosopis pallida seedlings developed into juveniles, but all other seedlings died. This species may be better adapted to drought than other species in this environment, and other species may need higher amounts of precipitation than that which fell during 2003 to 2007. The knowledge gained from this study may be important for future causal studies on the driving forces in dry forests found in a matrix of agriculture land. Contreras (Administrative Director at Nature and Culture International, Peru) for field assistance and plant identification. We also thank Freddy Zuñinga Varillas (Professor of Biology, Universidad Nacional de Piura, Peru) and Maria Isabel La Torre Acuy, Severo Balderón, and Hamilton Beltran (all botanists at Museo de Historia Natural, Lima) for identification of plants. Grover Otero (PECHP) and Hector Yuari Quispe (SENHAMI) were contact persons for obtaining climate data. The late Tore Borvik assisted in the preparation of aerial photos and Kjell Helge Sjøstrøm gave guidance on improving the layout of Figs. 1, 3 , 7, and 8. We also thank Kerstin Potthoff, Gunilla Almered Olsson and Achim Bräuning for discussion of issues, as well as two anonymous referees for helpful comments. Cathy Jenks corrected language errors. This research was financed by the Norwegian Research Council (to T.M.E., (166045/V10)). 
